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Glaucidium is different from the Ranunculaceae by (1) pistils grooved along ventral 
and dorsal sutures and fruits dehiscing along both sutures, (2) thick integuments, 
the outer one 6 to 13 and the inner one about 5 cell layers thick, (3) staminal traces 
formed by repeated splitting of receptaclar bundles, (4)centrifugal initiation of 
stamens, (5) somatic chromosome number being 20, (6) occurrence of coumarin, etc. 
These and other characteristics are referred to related families. As a result of this, a 
monotypic new family, Glaucidiaceae, is described, and its phyletic relationship is 
discussed. The author considers that it is better to include this family in Ord. 
Hypericales. 

Glaucidium, a monotypic genus consisting of G. palmatum distributed in Hokkaido, 

North Honshu and the Japan  Sea side of Central Honshu, was described by  Siebold 

and Zuccarini (1845). They classified it in the Ranunculaceae, stating "Die Gat tung 

gehSrt demzufolge gewiss auch nicht zu den Papaveraceen, sondern reiht sich unter 

Paeonieen an Paeonia selbst an". A. Gray (1859) examined this genus and wrote 

that "The number of pistils excludes the idea of a relationship with Podophyllum and 
Diphylleia, which the foliage suggests. Zuccarini has rightly referred the genus to 

the Ranunculaceae. I t  belongs, however, not to the tribe Paeon ieae , . . . .  and in m y  

opinion its nearest relative is the Alleghanian genus Hydrastis". Since then, it had 

been generally accepted tha t  Glaucidium was closely related to Hydrastis. 
Prant l  (1888) grouped Glaucidium, Hydrastis and Paeonia as a tribe, Paeonieae, 

which was characterized by  an outer integument longer than the inner one, and he 
expressed his view tha t  "Thats~chlich betrachte ich die Paeonieen als direkte Nach- 

kommen solcher Formen, von denen sowohl die Ranunculaceen als die Berberidaceen 
ihren Ausgang nahmen".  But  later, Kumazawa (1938) showed tha t  in Glaucidium the 

outer integument was shorter than the ianer one, contrary to the information of 

Prantl, and the relative length of both integuments does not seem to be so important  

in the taxonomy of Ranunculaceae. Engler and Gilg (1924) excluded Glaucidium and 

Hydrastis from the Paeonieae and created a tribe, Hydrastideae, for them, and 
Janchen (1949) raised its rank to a subfamily, Hydrastidoideae. 

There were several authors who regarded Glaucidium and Hydrastis as members  
of the Berberidaceae. Engler (1903), Lotsy (1911), and Langlet (1928) classified both 

genera in the Podophylloideae of Berberidaceae. Himmelbaur  (1913) separated 

Glaucidium and Hydrastis from the Podophylloideae and set up a subfamily, Glaucidioi- 

deae under the Berberidaceae, and Miyaji (1930) also did so, though he used Hydrast i -  
doideae as the subfamiliar name. 
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Kmnazawa (1930 b, c) considered there was a distinct family, Podophyllaceae, 
which consisted of 2 subfamilies, i.e., Podophylloideae consisting of Podophyllum and 
Diphylleia and Glaucidioideae cosisting of Glaucidiurn and Hydrastis. Later (1938 b) 
he separated Glaucidioideae from the Podophyllaceae and included it again in the 
Ranunculaceae. 

In any case, Glaucidium and Hydrastis have been considered to be closely related 
to each other. But the present author (1962 a, 1963) pointed out that  Glaucidium 
is not allied with Hydrastis and proposed to treat it as a distinct family, Glaucidiaceae. 
Takhtajan (1966, 1969) accepted the family and put it in the Ord. Ranuneulales. 

The purpose of the present paper is to describe Glaucidiaceae in detail, to show its 
particular characteristics, and to discuss its phyletic relationship. 

Materials  and Methods  

The plant materials for this investigation were collected from Minakami, ca. 800 m 
alt. in Gumma Pref.; Mt. Shirane, ca. 2400 m alt. in Tochigi Pref.; Yunotani, ca. 
1200 m a l t .  in Niigata Pref.; and Mr. Amakazari, ca. 1400 m alt. in Nagano Pref. 

Materials for the microscopic observation were fixed in FAA, prepared following 
the usual paraffine procedure, and stained with hematoxylin or safranin. For the 
observation of vascular elements, tips of rhizomes were macerated with Schultze's 
solution. 

Observat ions  

The rhizome is well developed, up to 1.5 cm thick, sympodially and rather irre- 
gularly elongated, ruggedly branched, more or less crowded, and producing adventitious 
roots. Sterile and fertile buds conceal a foliar leaf and an aerial stem without radical 
leaves respectively. The correlation between the position of buds and their fertility is 
not known. In most cases, vessels in the rhizome have scalariform secondary walls 
with simple perforations, but sometimes with scalariform, or rarely reticulate perfora- 
tions (Fig. 1). 

The stem is simple, 20 to 40 cm high in flowering stage, 40 to 60 cm high in 
fruiting stage, being up to 8 mm in diam., solid, usually glabrous, and bearing 3, 
sometimes 4 cauline leaves at the upper part. Vascular bundles are arranged into 2 
rather irregular concentric rings, the smaller ones in an outer ring and the larger ones, 
descendants of leaf-trace strands, in an inner ring. Xylem is barely concave at the 
outer edge. Bundle sheaths are arc-shaped on the outside of bundles, but sometimes 
lignified elements appear also on their opposite sides. At the lower part of the stem, 
the interfascicular lignified elements appear between the outer vascular bundles. 
Endodermis is not present. 

The leaves are alternate, arranged in 1/2-divergence in appearance. The lower 
2 are long petiolate, usually 9-lacunar in nodal type, the upper 1 being sessile, 3-5- 
lacunar. The petioles are 2 to 15 cm in length in the fruiting stage, bifacial, horse- 
shoe-shaped in cross section, solid, and without any mechanical tissue. The petiolar 
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Fig. I. Vessel with reticulate perforation. • 1100. 

bundles are 8 to 24 in number, arranged radially, and rather irregularly. Among them, 
1 median-dorsal, 2 lateral and 1 ventral bundles are large, and 4 smaller bundles between 

these. Besides these bundles, there are 1 to 6 small medullary bundles, whose orien- 

tations are irregular (Tamura, 1962 b). The blades are membranaceous, reniform- 
rotundate, cordate at the base, and hairy on both sides, especially on the veins. The 
hairs are white, being curled on the upper side of the leaves, while more or less spread- 
ing on the under side. Blades of the lower leaves are 7 to 24 cm long, 8 to 27 cm 

wide, and pahnately 7-rid. Their lobes are acute or acuminate, lobulate and irregularly 
incised-serrate. The blades of the upper leaves are 3 to 6.5 cm long, 4 to 8 cm wide, 
and usually undivided and dentate. 

Flower-buds for the coming spring are formed from the beginning to the middle 

of August. At first, primordia of perianth-leaves are projected from the flank of the 
apical dome. Then stamens are initiated centrifugally, and at last carpels are formed 
on the raised part  of the receptaclar top (Fig. 2). As soon as the snow melts, the 
flowering stems elongate and flowering results in May to July. 

The flower is solitary. The pedicels are 0.5 to 3 cm long when in flower, glabrous 
or sometimes sparcely covered with curled hairs. The cross section is round in the 

young stage, but  becomes quadrangular later. The pedicel bundles are roughly 
arranged into 2 rings. The inner bundles are larger, 6 to 8, the outer ones smaller, 
20 to 30 in number. 

The perianth-leaves are 4 in number, broad-ovate or broad-obovate, 3.5 to 5 cm long, 
3.5 to 4 cm wide, purple or rarely white, usually 3-lacunar in nodal type, and arranged 
in decussation. The outer pair is perpendicular to the distichous rows of cauline leaves. 

The margins of the paired leaves are barely overlapping with each other in young buds. 
The stamens are 350 to 500 in number, 4 to 8 mm long, and they initiate and mature 
centrifugally. The anthers are elliptic 1.2 to 1.4 mm long, their filaments filiform. 
The pistils are usually 2, opposite to the outer perianth-leaves, sometimes 1 or 3, con- 
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Fig. 2. Development of floral organs. A: initiation of perianth-leaves above 2 developing 
cauline leaves; B: developing perianth-leaves and centrifugal initiation of stamens. In  this 
stage, initials of carpels do not appear yet ;  C: further developing flower bud. x77. A 
and B collected on Aug. 18, in Minakami, Gumma Pref. and C on Aug. 26, in Yunotani, 
Niigata PreL 
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Fig. 3. Cross sections of pistils. A: stigma bipartite; B: style grooved at dorsal (top of figure) 
and ventral sutures; C: ovary grooved at dorsal (top of figure) and ventral sutures. • 33. 
A and B in flower, and C after flowering. 

nate a t  the base by  the intervention of receptaclar tissue, 6 to 8 m m  long including the 

connate par t  which is 1 to 1.5 m m  long, covered with curled hairs, bu t  becQmes glabrate 

during maturat ion.  There is a distinct furrow along the dorsal suture as well as along 

the ventral  one, where the fruit  dehisces. The stigma is biparti te (Fig. 3). The 
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Fig. 4. Diagram showing vascular course in longisection of flower bud. p: perianth leaf; 
: stamen; g: pistil. 

styles are short. In the early stage of development, before the ovules initiate, the 
carpels are often bilobed. There are 15 to 20 ovules in one pistil. The integuments 
are thick, the outer one 6 to 13 cell layers, the inner one about 5 cell layers thick. A 
distinct bundle runs into the outer integument around the nueellus. 

Vaseulature in the receptacle is very complicated. A large nmnber of bundles 
of the inner ring and some of the outer one in the pedicel enter the perianth-leaves. 

After their departure, 16 to 24 bundles remain in the receptacle and arrange in a circle. 
These are derived mainly from the outer bundle ring and partly from the inner one of 
the pedicel. They are extended or divided into 2 or 3 strands in the radial direction. 
As they pass to the periphery, they are further divided or branched radially or lateral- 
ly, sometimes anastomosing, and then become the staminal traces. The remaining 
bundles often fuse to their neighbouring ones, and divide laterally, and further split 
as to form the staminal traces. A regular network of vascular bundles is not observed 
in the receptacle. After departure of the staminal traces, the 10 to 12 remaining 
bundles become arranged as an aggregate in the shape of an ellipse near the center of 

the receptacle, leaving 2 bundles on opposite ends of the long axis of the ellipse. Each 
of these 2 bundles become the dorsal bundle of the corresponding pistil. The mass 
of bundles aggregated in the center divide into 2 parts, each of which enters into the 
corresponding pistil. These divide again, forming the 2 ventral bundles of the pistil, 
In an early stage of bud development, only the dorsal bundle is differentiated. In 

a longisection of the flower bud, the outer bundles of the pedicel run straight up into 
the receptacle and enter the stamens situated at the uppermost part  of the receptacle. 
Their branches bent outward enter the stamens situated at the lower part  of the recep- 
tacle, and those bent inward enter the two pistils (Fig. 4). 

After flowering, as the connate parts of both pistils develop, the receptaclar tissue 
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A 

Fig. 5. Development of pistils. A: in flower; B: after flowering; C: in mature condition. Section 
of pistil (left side) showing development of ovules. • 3. 
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Fig. 6. Fruit showing dehiscence along dorsal and ventral sutures. • 3.5. 

supphed with bundles continues to grow. At this stage the bundles become 12 to 16 
in number, 4 of which are large. These bundles run up through inserted tissue to the 
top of the connate part, and then diverge to enter the fruits as a pair of ventral bundles 
from which seminar traces depart. At the part  where the uppermost ovule is 
attached, the ventral side of the pistil projects, its development occurring simultaneous- 
ly with that  of the seeds. Accordingly, pistils become divaricate and long quadriform 

in side view (Fig. 5). The outer integument develops into a wing, and the nucellus and 

inner integument ahnost degenerate. 
The follicles dehisce along both the ventral and dorsal sutures, and are quadriform, 

connate along the inside of both, being about 16 mm in length. The dorsal suture 
turns down more or less convex about 17 mm long. The lower part  of ventral suture 
where seeds are attached turns upside about 13 mm long, while the upper part where 
no seeds are attached turns abruptly outward about 13 mm long (Fig. 6). Veins of 
the pericarp run parallel between the lower and upper margins, though they often 

branch and anastomose. 
The seeds in any one fruit are 18 to 20 in number, obovate, broadly winged, 12 to 

14 mm long, 9 to 10 mm wide including the wing which is 2 to 3.5 mm wide. There is 
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Fig. 7. Seed. Seed coat and endosperm 
partly removed to show embryo. • 4. 

a distinct bundle in the wing. The endosperm is about 5.5 to 6 mm long, 3.5 mm wide 
and 1.5 mm thick. The embryo is 4.5 to 5 mm long, and completely mature, at least 
morphologically, when the seeds detach (Fig. 7). The hypocotyl and radicle are about 
0.6 mm long and thick. The petioles of the 2 cotyledons are united together, and are 
about 1.5 mm long, 0.6 mm thick, with laminae about 2.7 mm lor~g and 2.3 mm wide. 
The vascular system in the hypocotyl is divided into 4 strands at the region near the 
cotyledonary node. Two of these enter the cotyledons as their corresponding middle 
bundle, while the other 2 divide into 2 and serve as their lateral bundles. Cells of the 

central part of fused petioles are small in diameter and more or less elongated longitu- 

dinally. 

D i s c u s s i o n  

Many features of Glaucidium as described above are improper for those of tile 

Ranunculaceae. Among them, the followings are especially important phylogenetically. 
(1) The pistils and fruits are grooved along both ventral and dorsal sutures and dehisce 
along these grooves. The follicles of the Ranuneulaceae dehisce along the ventral 
suture only. (2) The integuments are thick, the outer one 6 to 13 cell layers and the 
inner one about 5 cell layers thick. In the Ranunculaceae, the integuments are about 
8 cell layers thick at the most whether they are double or single (Kumazawa, 1938 a). 
(3) The staminal traces are formed by repeated splitting of the receptaclar bundles. 

In the receptacle of the Ranunculaeeae, a regular network of bundles is formed (Smith, 

1926, 1928). (4) The stamens initiate and mature centrifugally, contrary to their 
centripetalous initiation and maturation in the Ranunculaceae. (5) The chromosomes 

are small and 20 in somatic number (Miyaji, 1927; Kurita, 1957). Such number, as 
well as 5 in basic number, is not found in the Ranuncutaceae. (6) A large amount of 
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glaupalol, a substance with a coumarin skeleton, is present (Irie et al., 1967; Murakami 
et al., 1967). No alkaloid is detected. Coumarin is not found in the Ranunculaceae. 
These differences clearly suggest that  it is unreasonable to include Glaucidium in the 
Ranunculaceae. 

Besides the above mentioned differences, the following features are also significant 
in distinguishing Glaucidium from the ranunculaceous genera. (I) The bud scales, 
usually 4 in number, and cauline leaves are arranged distichously in appearance and the 
perianth-leaves are decussate. (2) When sprouting, the leaves are wrinkled and the 
margins of the folded lateral lobes are piled alternately and more or less irregularly 
(Kumazawa, 1937 b). (3) Two pistils occur, which are connate at the base by insertion 
of the receptaclar tissue, and the connate part elongates after flowering. (4) The seeds 
are large with a wide wing. (5) The pedicels have medullary bundles derived from 
perianth-leaf traces. (6) The stamens are enormous in number. This may be related 
with the branching of the receptaclar bundles which produce the staminal traces. (7) 
The vessels sometime have scalariform or reticulate perforations. (8) A distinct 
intraseminar bundle is present. (9) The embryos are completely mature, at least in 
size and shape, when the seeds become detached. In geophilous perennials of the 
Ranuneulaceae, embryos are usually immature at this stage. (10) The xylem ia the 
eauline and petiolar bundles is not as distinctly V-shaped as it is in the Ranunculaceae. 
(11) In the petioles, there are several small medullary bundles and no mechanical 
tissues. These above differences of features are ones of quantity, or else they occur 
rarely in the Ranunculaceae. I t  may happen that  two or three of them occur in a 
species of the Ranunculaceae. However, it is quite difficult to imagine that  so many 
unusual features could occur together in a single species. This conclusion supports the 
view that  Glaucidium must be excluded from the Ranunculaceae. 

Glaucidium, Hydrastis, PodophyUum and Diphylleia have many common characters 
as follows: (1) a well-developed creeping rhizome, (2) a single radical leaf on the end 
of the rhizome, (3) flowering stems having no radical leaves but scales at  the base, 
(4) foliar cauline leaves few in number and arranged in 1/2-divergence in appearance, 
(5) medullary bundles in the stem and petioles, (6) bundle sheaths of the Anemone- 
type (Kumazawa, 1930 a) and almost absence of secondary xylem in the stem, (7) a 
tendency for eotyledonary fusion, (8) the aerial organs produced in the first year of 
germination are restricted to cotyledons, and the first leaf is scaly (Kumazawa, 1930 
a, b). Pollens of Glaucidium, Hydrastis and Podophyllum are ellipsoidal with 3 furrows 
parallel to the long axis, while those of Diphylleia have many germinating pores 
(Kumazawa, 1937 a). In contrast, Podophyllum and Diphylleia differ from Glaucidium 
in the following points. In the former, (1) regular sympodial rhizomes are formed as 
the result of the elongation of the axillary bud at a definite node, (2) scales of the 
winter bud are arranged in nearly 2/5-divergence, (3) leaves arc peltate, (4) latent 
axillary buds concealed in the fertile winter bud become aerial after 2 winters, (5) 
bundIes are scattered in the stem, (6) in rhizomes, the interfascicular cambium is not 
formed and secondary tissues are poorly produced; on the other hand, in the rhizomes of 
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Glaucidium. secondary tissues are richly produced by the interfascicular cambium. 
As a result the epidermis and the outer part of the cortex peel off and the outermost 
layer of the adult rhizome is a pseudodermis formed successively (Kumazawa, 1930 b, 
c), (7) perianth-leaves and stamens are trimerous, (8) pistils are single, (9) fruits are 
berries, (t0) seeds are not winged, (11) the outer integument is made up of about 5 cell 

layers and the inner one of 2 cell layers in thickness (Kumazawa, 1938 a), (] 2) coumarin 

is not reported, (13) Diphylleia contains a substance showing an antimitotic effect 
similar to that  of podophyllin contained in Podophyl.lum, but Glaucidium does not con- 
tain such substances (Toyokuni and Toyokuni, 1964), and (14) chromosomes are large, 
12 or 16 in somatic nmnber (Langlet, 1928). Accoldingly, it does not seem that  
Glaucidium is phyletically related to Podophyllum and Diphylleia, nmch less to other 

herbaceous berberidaceous genera. The resembrances in general habits and vegetative 

morphology may be caused by the fact that  these plants grow under similar environ- 
mental conditions. 

Hydrastis has commonly been treated together with Glaucidium, and both genera 
have been classified as members of the same group. But, such treatment appears to 
be incorrect. In Hydrastis, in contrast to Glaucidium, (1) pistils are nmnerous, free, 

with 2 ovules, which become 1-seeded berries, (2) perianth-leaves are 3 and caducous, 
(3) pedicels have no medullary bundles, (4) vasculature in the receptacle is rather 

simple and regular as in the members of the Ranunculaceac, (5) stanlens may be initiated 
centripetally, (6) integuments consist of about 8 cell layers in total as in usual 
ranunculaceous genera (Kumazawa, 1938 a), (7) seeds are globose, not winged, (8) 

young sprouting leaves are not wrinkled, and their lobes are folded inward independently 
and arranged palnmtely (Kumazawa, 1937 b), (9) chromosomes, though small, are 26 in 

somatic number (Langlct, 1928), and (10) coumarin is not reported. These character- 
istics are common to or at least not conflicting with those of the Ranunculaceae, an 

exception being the chromosome number. In Hydrastis, the outer integument is 
longer than the inner one as in the Berberidaceae, while in the Ranunculaceae, the 
outer integument is usually shorter thart or, at  the most, as long as the inner one. 

Eames (1961) pointed out that  the vessels of Hydrastis have scalariform perforations 
and scalariform pits on their lateral walls in contrast to the simple perforations and 

rounded pits in the case of Ranunculaceae. He tended to separate Hydrastis from 
Ranunculaceae and to give it a family rank as Hydrastidaceae. Takhtajan (1969) 
accepted this treatment. Even if the Hydrastidaceae is accepted as a distinct family, 
it is very close to the Ranunculaceae and lies somewhere between the Ranunculaceae 
and the Podophyllaceae. 

There seems to be no room for doubt that  it is unreasonable to retain Glaucidium 
in the Ranuneulaeeae, and a monotypic family, Glaueidiaeeae should be accepted. 
Accepting this, there remains the problem of the systematic position of the 

Glaueidiaceae. As mentioned above, the differences between the Glaucidiaeeae and 
the Ranunculaceae or other related families such as Hydrastidaceae, Podophyllaeeae, 

etc. are so remarkable that  it is difficult to assume a close relationship between the 
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Glaucidiaceae and  any  of these r ana l i an  families. The phyle t ie  re la t ionships  of the  

Glaucidiaceae stil l  r emain  in quest ion,  b u t  numerous  s tamens  in i t ia ted  centr i fugal ly ,  

s tamina l  t races  formed by  sp l i t t ing  of the  recep tac la r  bundles,  th ick  in teguments ,  

occurrence of 3 pistils,  vessels wi th  scalar i form or re t i cu la te  perforat ions,  etc. seem to 

suggest  an affini ty of the  Glaueidiaeeae  to the  Paeoniaeeae .  I t  seems tha t  the  

centr i fugal  in i t ia t ion  of s tamens  is no t  so i m p o r t a n t  phy le t i ca l ly  as considered before, 

because such a nmde of s t amen  in i t ia t ion  is found in m a n y  families belonging to 

different orders. I t  is not  clear whether  pa r t i cu la r  phenomenon  known to occur in 

the  embryogenesis  of Paeonia (Yokovlev and Yoffe, 1957; Cave et al., 1961) is found in 

Glnucidium or not.  F u r t h e r  more,  bo th  genera are different  from each o the r  in the  

vascula ture  of their  receptacles.  Tha t  is, in Paeonia, a large p a r t  of the  pedicel  

bundles  of the  inner  r ing  enters  pist i ls  (Sawada,  1971), while in Glaucidium t hey  enter  

per ianth- leaves .  I n  the  present  t r ea tmen t ,  the  au thor  considers t h a t  i t  is be t t e r  to 

pu t  the G]aueidiaceae in the  Ord. Hyper ica les ,  whether  the  Paeoniaceae  are included in 

the  order or not,  t han  in the  Ord. Ranuncula les .  

G]aueidiaceae,  faro. nov.  (0 rd .  Hypericales)  

Perennis,  rh izomate  bene crescente.  Caulis uniflorus, 3 ~ 4  fol iatus.  Fo l ia  

inferiora pa lmat i f ida  grosse serra ta .  Tepala  4. S t a mina  numerosa  in i t i an t  eentr i-  

fugali ter .  Fascicul i  s t a m i n u m  fo rman tu r  saepius ramif ieat is  fascieulis recep tacu lorum.  

Pis t i l la  2, i n t e rdum 1 vel  3, base connate ;  m a t u r a  quadr i formia ,  d ihiscent ia  ad su turas  

vent ra l i s  dorsal isque.  I n t e g u m e n t a  erassa. Semina la te  Mate a lbuminosa .  Chromo- 

sonm 20 in numero  somatieo.  Comnal ina  a b u n d a n t e r  eont inetur .  

Fami l i a  monotypiea .  Typus :  Glaucidium. 
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